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Introduction
Microneedle biosensors can be inserted into superficial skin to facilitate minimally in-
vasive, biopsy-free skin biomarker profiling for disease diagnosis [1, 2]. To this end, a
facile and low-resource method to reliably extract and detect skin biomarkers using an
immunodiagnostic microneedle device (iMN) is desirable. We have previously reported
a paper-based, 2-dimensional visual and colorimetric assay with an iMN [1]. Here, we
demonstrate proof-of-concept for a gel-based, 3-dimensional visual and colorimetric assay
to detect a skin melanoma biomarker (S100B) with the iMN.
Materials and methods
Based on a miniaturised sandwich enzyme-linked immunosorbent assay (ELISA), the iMN
was fabricated from polylactic acid and surface-functionalised with a capture antibody
recognising human S100B, bovine serum albumin (negative control) or a horseradish
peroxidase (HRP)-labelled detection antibody (HRP-ab) as positive control [1]. Following
incubation of the iMN with a S100B solution in vitro, captured S100B was detected
with the HRP-ab. The chromogenic substrate comprised o-phenylenediamine (OPD) in a
thermoreversible poloxamer 407 hydrogel (25% w/w), which was to be converted into
colour signals by HRP-ab. The iMN was immersed in the cold OPD-poloxamer solution,
which was warmed rapidly to induce instantaneous gellation around the microneedles.
Colour development in the hydrogel around the microneedles was visualised by light
microscopy. The hydrogel transitioned into a sol upon cooling. The absorbance of the
sol was determined by UV/Vis spectrophotometry (450 nm) to quantify the signal.
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Figure 1: (A) Signal visualisation in the gel, where signal intensity in Test 1 < Test 2. (B) Signal
quantification in the sol. (C) Signal visualisation in a multiplexed iMN, where the
lines demarcate S100 detection (top), positive control (middle) and negative control
(bottom).
Results and discussion
The thermoreversible sol-gel transition of the OPD-poloxamer hydrogel was exploited to
enable signal visualisation in the gel, followed by signal quantification in the sol. The gel
retarded the diffusion of the colour signal, allowing 3-dimensional signal visualisation
across the entire microneedle surface with clear signal separation from one microneedle
to another (Figure 1A). The observed intensity of the visualised signal corroborated the
absorbance measured in the corresponding sol (Figure 1B). Signal visualisation was also
demonstrated with a multiplexed iMN (Figure 1C). However, signal quantification with
multiplexed iMN requires further development.
Conclusion
The gel-based detection method presents a promising solution for facile and low-resource
detection of skin biomarkers with iMN.
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